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ETCHING METHOD 

(57) Abstract 

PURPOSE: To enable pattern etching-resistant metal 
wherein the vapor pressure of halogen based reaction 
product is small, while ensuring a practical etching rate, 
by installing a plasma generating source capable of 
obtaining specified plasma density, and an infrared 
heating means for a substrate to be etched on a 
substrate stage. 

CONSTITUTION: A plasma etching apparatus is 
provided with a helicon plasma generating source having 
plasma density of 1 X 10 11 -1 x 10" 14 /cm 3 and a heating 
means for a substrate to be etched which uses a W 
halogen lamp. The helicon plasma generating source 
consists of an antena 7 for helicon wave travelling around 
a bell-jar 6, a helicon wave plasma power supply 8, a 
matching network 9, a solenoid assembly 10, etc. Infrared 
radiation generated by an infrared radiation heating 
means 14 constituted of a W halogen lamp, reflecting 
-mirrors.-etc,,— penetrates-a-light^irradiation_window_5_of- 



9^ [ 6^yv 
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quartz glass or the like, and heats the substrate 1 to be 
etched. 



COPYRIGHT: (C)1995.JPO 



(19)5£S#fr/T (J P) 



(A) 



dims* ais^ras^ 



i? 7 - 3 0 7 3 2 6 

(43) &m B 7 ^ ( I 9 9 5 ) 1 1 n 2 1 B 



(51) Int.CL 

HOIL 21/3065 
C23F 4/00 



A 8417-4K 



F I 



HOIL 21/302 



(21) £Hi#^ 

(22) ftHB 



^I¥6 - 9 7 2 9 6 



ffiX6^ ( 1 9 9 4) 5 ^118 



| (il)ffiiA 000002185 

; K^»fiiiiE4ta;u 6Ti7#35§ 

I (T2)^s^# n« .ffS 

j *C3*taSflJHE4tfi/N 6TS 7 B 3 5 ^ V 

I (74)ft3IA KM ftfi 

i 



(54) [%W<DZ$fi) y7X7X-yf>^i^i: T i 



(57) . 




( 2 ) 

1 

im$mi) lxio" /cm' WiUl0 ; 7c 
<fc£#&>i-*, ft $3 1 E*<&79XTXy^>*St 

ft. 

ft3i&ttflD»LOO, lxio : 7cm ! K± 1 x i 0 
[ 0 0 0 n 

Xi^lffif^y^XTI-yf/^IiJi^^XT 
[ 0 0 0 2 ] 

[ft&n&ffi] L s i *o^5H*safi^w«««fl:^it 
^(DT^f -f >;u — ju#a — 7 a -7 p yfrhV * — 9 

S^tltCuiS^Al-Cu&i. A I — S i - 

( 0 0 0 3 ] *fcfi*, S I 

WtLT.f^/ifi (PbTiO: 3 . PZT CPb 
(Zr. Ti) O, ) ^PLZT ( (Pb. La) (Z 
r. Ti) O; ) ^©BMfrBBteJBT***^* 10 

^tt»Bg(E<ot7fu l 



# ffi ?T- 3 0 7326 
■> 

[ 0 0 0 4 ] itiecu^is^p t is*/^--; 
y LT««>fe««^E»*®sti-$J*&!c{i, Any > 

[ 0 0 0 5 ] :tiblX7f> y&*<DAny>*JK* 

£/£#<££m~{£;iL X-y U- h*rlSj±T*£ 

^ ( 1 9 8 9^#8]££) aftTBJkp 5 7 0, age ft 
§1 P-L-1 JC?S£*nTy>S, T&fc> ^ fc-^*R 

yg!S* 3 5 0 r£(±!=lB«IL^^^5«tt-f *>Xy 

[ 0 0 0 6 ] 

«c s k*stx-/7 % >y^JK®<7>/^-x>y^, n^s^ 

x y ^ > y U - hfl<«B-?*. , S:^H*I.£a f *'3fc. T £ 
^>3¥fT^IS^R I E^MJri 0 f#6n5X7X7fg 
iilxiOVcm 1 £ 3 0 , S^r^^ltT^^ 
hD>R J E^iiC^ott) 1 X 1 0 : 7cm : £/>*± 

7^y^X®fiECt)ISff^*0, X-y T-V^iifT^ltii 

X-y ^> i/U- h##«!5fi«>C'h* ^W?**. 
,[ 0 0 0 7 ] *fc*KtoJ***IKX^-vl::rtai-fcfc 

x -y v 1 > y n teffi^ b t - * trn » £ f»l tef * # S# A ^ 

SWfiSlJCfrfcg KX-y 7>{?&tiL*:m»tZ Z££& 

COS*. *a&*»***#»rt3ttfc****« 
<0*«»a»£#<&Bffif&^ Xy^>*** >A'[*J<7> 

[ooos] 9? <o as ii. cu^ls^Pt 

fta«« • Apy>*s«i**«os»E«o/h s.^itx-y 

/^-X>yt5C0{:M/ > >7'7X7X-yf>^^l^ 
: t^7'7X7X7f>y^?^^(^^:i:t«5. 
[ 0 0 0 9 ] &ft*%W<OW\<»&®&< X-y 

7 X7 X 7 f > y o i ^ 7* 7 X'7 I 7 f > ^^is - 

[00101 $ 5C*E9J£>9Jcoa@ii. ItX-y t^> iX 



( 3 ) 

3 

a^-c. 3F«ftttitt*<opfa;itt*»E«ttn«)«ft:*i»± 

& * * co is o {c J; o h b ^ c * n 

*. 

(0011] 

7:69, lxiO'Vcm' RlUlO'Vcfli' * 10 

Clt5'>^XT> (W) Aay>7>y^*W^"?* 

[0012] lxiO' /cm' £(lin0 : 7cm 

^y7XTX7f>^^I>Lt!i, A v ijn>igy7X 20 
-7 (Helicon Wave Plasma) X -y 
>^^a, ICP (Inductively Coup 
led PIa5ma)i7f>^i.TCP(Tr 
anceformer Coupled Plasm 
a ) X yf>^l, ECR (Electron Cy 
c 1 o t ron Resonance) 7'7X'~< r X'yr' 
> ySB*£ WSSr Any>7>^*S*"r*^ 
^-XMOS^eii. ^ 'J =1 >^^7XTX-y ^> 
^£B^ I C PXyf>^I/W^L ±&LfZ& 

©fijffu #— h#c»»* tin* #i & 

0 ft * 5 9 ^- yC»«*nt^5. 
[0 0 13] it*»W^7X7Iy^>^*ttK. 



tti?7 - 3 0 7 3 2 6 



lxiO'Vcm' Kiixi0 : 7cm ! *« 

(^7'7X7fi|^t#bn^7 , 7X7^i31^ffl^t7 J 7 

X7X7f>y*lstt)^-c^^, :(0>*:nb#n 
i:iffli^o7 , 7X7X7f>n5: (h^a* l ^, 40 

[0014] 

[WJfi] *3B9§0#-f >"Mi. lxiO-'Vcm' RJk 
ixi0 ; 7cm ; 5£ffi<Dm%m77 X7^4I^ft 

fioLfcAsc**. W5y7X7«£K*ffl^tifi, X 

SS(0-f * >.7 7vnfl)X'h * ij > J: 0 • 

■ &wm««c#ar* r^-ras^Ao . x-y^>^jttj 

f^O^F^^^X.y^>^^^^^S#PH t l^^^T ! ^^. £ 50 



[0015] CttS©* 77 xXA^g&Ci 0 . c^ik^ 

^*^cx7f>y^ h-r, or 
SIX-y ^> y**<Dll**jx-yr> y*5STC>^plHl 
£ & 5 o £ 5 . 

[0016] c:^:-, tt*£o-«W{cffi^5tt-o» 
$?ff?si7 J 7X7i7f>^Mii, y^x^sg 

Htixio' /cm 3 ^Fr^l^m-r^^ff ¥fS 
S7^hn>CVDSH:^tfelxiO'7cin 

3 t-y-<7)7 J 7X7fit'j50. 7 , 7X7fg^<t 

m%Tzz t\t°imx'h%, 

[0 0 17] -77 , y 7XT^gO±iliCO^T{i, X 
■y t-> ^tf XE£-«ttfclW*i><* '0 . *fg9§7?/8U5iaf 
fg7 ? 7X7Xy5 1 >^^I(0£rc^iJ^S^t^^ 1 
0 : Pa-10' P a £<75#*E77C& f ^-Cii, Ul 

o :, /c m 1 ? x^mm\z\z\z%±mmz]B:umx 
$>%<dx, zfitf±mt?z%, 

[0018] 
[0019] £%0ij 1 

*%^*ML/t7 , 7X7l7f >^ 

"no — lastMc^H i fc^r***raiJB**a ursa 

9!T*. r 0>&Bi* ^ 'J ^ >»7*7X"78!±sK£ Wa □ 

y>7>y(:j:^iti7f>yiw.a«s*i'-t 

3/K7/ft7 t 3 >K7 J 7X7tI 8 . T-y^ 1 

^^^yi/y< h , 3-fA7yt>7*'J i o s 

L , ^in-f ;K^^^n / J :7 , 7X7W^I{;f4T 
*. &x-y ^V^SfS 1 *«fi-r**fSXr-y 2 fi& 
tt 10 J* t - ^ » C * * »K x f- - •>* 3 * * 

n»sast»o.«¥a4 jiKx-y ^>y»f5 1 

^. 1 KiX7f >^?t >/< 1 3 * w 
»Jyf>y|Kl ^C0A$t< rtVX*^****"** * 

IL. *£#>7. y- H /*;u73<o*Bffl»i*BI*** 



( 4 ) 



ftffi* 7-307326 
6 



[ 0 0 2 0 ] JtC\U 2 /SyvXTI-yf/^l!; 
itill ^\»J n >£7 >^7- 7 <fl#2as*j&«Jfi£!C£ 0, 

'ft % 9t ft ¥ \z & » z ft « <& a o ®± > t t fia 

^'J 3 >&7 >r^^^ii^^fC^ 0 1 O'Vc m 1 * 
C 0 0.2 1 3 2 

60* :n*i3 (a) - (c) £#£LTl»9i*r*. 
[ 0 0 2 2 ] HSlft^S i H^)^^^gtS±fCS i O 
: *7j>Sfc*SHfeaiBl2 0 , Ti/TiN^bJ5:^f 
5»®5ftA'»J 7^^iH2 1, C 2 . S i O: 20 

^iitA''J7^iH2i 

WA-i^TS^T i #3 0 nmiiOT i N r rt<4 0 n 

«jst 2 o tzK7xifc^*m*»&toKWiM£*tt*i*iL 
tmu snri^»ftf:ii. »j 7** jus« 

££Jf 2 2^i'Jii7X^f2 3(OI*ii-^I^lT 
5 0 0 nmilOOnmt*A(3 ^TtlfeX/<«y 9 *) >tf 
lZ£r)&&TZ>; l/5;xN77^2 4ttltfJlilfil/y 30 

^§3 (a) ICtkT. fc*3;i<0Bi!5«TX7lI2 3fiS 
iON^T i ON€»ft>lTW- . 87W<0£#m 

[ 0 0 2 3 ] *(;i/y^h7X^24 $7X^Cl»7 
X^12 3 >yLrii7Z^82 3/<?-> 

$^fi!tL. l/->7h7X^24^77 > > L tip 

SITS. »H"7X*JB 2 3!49^e&-?. 0. 3 5;imii 
cD/<*->*c^a*EttC:fcrfcfcn*. 13 (b) fc^ 40 
-f r 0>&Hf £ TJBfiS L fc-fr > 7^ £ % X y =r > ^ £ fot 

[0 0 2 4 ] ±ISKX-y^>ySK 1 £S 1 (C^fS'J 
□ >S7'7X7X7f >y^I(0lf57f-v 2 ±K* 
BL-W>LtTE^frC^O C u 
/\''J7/^JH2 l(D7 , 7X7X7f>y^«:^7. 
5 i C 1 -. 2 0 s c c m 

CI: 2 0 s c c m 

2 0 s c c m 

XHi 1 0 s c c m 50 



0 . 13 
2 5 0 0 



P a 

W (13. 



10 0 W ( 2 M H 



2 0 0 
5 0 0 



# X .E77 

^ U 3>S75Xt»B[/17- 
5 6 M H z ) 

z ) 

*j#»«L«»J!)n 7 • 

y^^ff /17-T**, 

CO 02 5] Jiisx-y f>yiii:*t»':s. CuiS 
m 2 2 ai^gMlti^NH, Ci 0a7C»ST* £ 
<h &fC, CI' £C u LVRfct.fctyC uCl, tfC l 
' , SiCl, ' *>N f " ^ffifc£0W*>S5#f*Sit 

35<£*0>7?. CuCI, [iX^7^^Mc:(Offii^ 
1C J: oa5^^«c#S»56Sn^. £3ff &/\'<J 7/ * 
;uii2 l ©x 7 f >^{:^'^rit i^isl »j &i*f£i o 
r (7)Jf^T i c l : ^Ili^S^n^,, i^cf^lC s i 
C 1 , tN: <h<7y£££j£#j-?3 S i C I . N, ifi/19 
->il{:ftf lT7>7Ji^7^7^/i^ii*^i 

-vfiO&0)^C«fcOax.y7 t >y£f£*4 0 OtCflOS* 
T^^^COyotXlCit^Ur t> 2 !§W±CDXy^>^ 
!/-h7«5 2 0 0 nm/mi n ^^TJilx -y x > ^ 
if5t*n^. X-y7 c >y^7^<73C u 
li. ^3 (c) Citi^CCuiSOfil^l^cn 
frfr^fZ. 187X^12 3 (iSU&PfcSLT fc^^L, 

[ 0 0 2 6 ] ^0*1 3 

3k -SS "W-Cf I* H m -W-Jr<0-^-3^^^^^-«-4-'K4£^ 
A,' ICP (Induct Ively Coupled 

P I a 5 ma) & £11*: * a < y ! J H ScO ^ 7 
XTX-y ^>^aiBcO-«J«WC^#ia 2 JC/TtTRflSW 

'\'j3>i^7 i 7X7X7f> «Ii»*fi?M3W - 

[0027] **a<ot*eaaB*iix-y ^>^^r >a-± 

5t l , C(7)n/lC^:SI^^^^^-->7>T % 7- 1 6 
HLfcAX?**. 14}i7i^^->7>rtl6{:'i 

-h I c p 6 &£ 7 J-s x ) 

>yi 5 tt»x-y^>^*lfi i a fr£ 

f^^-t^. L fe^-^T^iU v * 6 ^6i!8t5^ 'J 3 > 
K7 , 7X7$7^f^->7>rt(?)^it^iS^^^ 
*i<9l#lii1-<i:tt)<::n-SHL'iiA. •> 'J > ^ 1 5 

'Vcm 1 WffifS7 1 7X7{; ! j:^^-^5ai^i«fitr 



( 5 ) 



ftffiW- 7-307326 



[ 0 0 2 8 ] ft MM 4 
*ftJSWIi. Hfl i£ L £ 1 J 3>'K^7X"7/ I C PA< 

X^^&Cfco/^l^JS 0 . r tt£S 4 (a) - 
(c) SMLTR^t^. 

C0029]l2I^L^:^5i *»#*^6«:^JS2 5 
2 7, S i O: 2 3*J:'Jl/y 

x h77^ 2 4 ftr©JiK:«*»«r*.- l«±{:tl 
WMSnt^tfeJ:^ t iiSi2 7 <0i¥2 

KOTjU* 7 0 0 nm. II"7X^12 3 Ol^fi 1 0 0 

Xh7X^2 4tt/#9-;^«#y4ll/y^hi I **X 

itmT^^. :<Oti^@4 (a) JCtfT. 
[00 30] ^{:l/yXh7X^24S77^CIi7 

ZmtfLL, U vX KTX? 2 4 £7-y ->>$ffcULtt*J 

/^-^^JEteC&rfcfcft*. 134 (b) 

*. 

CO 0 3 1 ] ±KfcX-y^>^£« 1 £H2C*'f "vU 
3>^7'7X7/I C P/W V HS7'7X7X7 ? 

> i/^iB^SSX^-v 2 iCHSL-MtirTE^ 
^{UOP t ^Jg/I^X-y ^>^£?t?, 
S ; CI: 2 0 s C c m 

NH : lOsccm 
# X E 77 0 . 1 3 P a 

'n'J n >i7'7X7^I/W- 2 5 0 0 w (13. 

5-6-M-M-z") 

9 0 0 W ( 2 M H 



2 0 0 W ( 1 . 8 



I C P««/<7- 
z ) 

*«/wrxsas/i7- 

MHz) 

sisxx-vflDiftias 400 t: 

#^»8l»/lD.««ai[/<7- 5 0 0 w 

/1c^#n« = «t3!)na&*ilR/ , ?7--ii4 ii<ow/\ay > 7 > 

[ 0 0 3 2 ] P t <ni&it$)\tm%-m&V\t$>Ztf. ±IH 
Xy^yjiSfC&U-CiiC I ' ±P t £<Dfcfc±fc® 
P t C I , tfiC r . SCI, ^NH' m<D&®m<D 
<*>JBtf£Sf*Tx/^y*»ssft*. :nit ^ft 

-yfio#ftiaK4 0 or £ ptci.ii 

fl£CDT£>3. it^P^CS: Cl: tSH: t<Dfcfc 

N H , S rt</N' ^->fflfil:»*L-C7y*iP 
<&7*-y*a>«=>ll!§i*SfrfSPL. it -f h* X -y 5f > V £ Bfr± 



, x <n&Wz. isxf-y'M^^gio^jcio^x 
7f> yiS* 4 0 0 t {Ctos*r*«3fefip 7*0-1: Xicfcfc 
ULTu. 2 fg&±CDX'y^>yu - h^^^ioOn 
m/m i n cO gyjtex 7 r > y^'jinS £ ri£ a i 7 f> 
^fcTJSOP t — >!i, 14 (c) C^fi: 

:cp t ftjioasaissfts^^t, 

C 0 0 3 3 ] JU±- ££ s 3£ 2 WaftSgfllicJ: 0 &9i L 

10 C0 0 3 4 ] ;7X7X 7 f>y^icLT, 
I C PiSCJc-SX'yf yy^I^. alfittTCPX 
yf>y«a, ECR7 ? 7X7i 7 f/^i^Ul 
O'Vcm 1 «lixi0 : 7cm : ^^^7X7^ 

i^fibn^7 , 7X7^4^^tax7f>^i^ 

[ 0 0 3 5 ] i^MlflJD»-fS>LTOT*AD>r>7 
>y*0i]^L^7)«, ^^A7<F7>^Xe-Hg 

20 * Mu^mftftai* 0 is. g&x^* h)\,ytm<r>i5tffc 

[ 0 0 3 6 ] *«Xx-vilD3R¥»iLT««JD»t- 

[ 0 0 3 7 ] X7X7X-yr>yw^^>LtC u £^ 
t^8*WSLtd*. ttCAu. Ag. Pd, N i 

" m /\ n y > itfy<n &%f£<n * . xn^nx-y 

30 ^>yfcK*£tJ££*ft:&». WAtfAl-CuS 
[0033] I-yf/^^'XHtBC!: . CC 

It . HC I , PCI - . S: Cl: , SCI: 3? & S 

CM^X^F^^X, Br£#X, I#.#X*:X-y^ 

>^#*t#flcei;Tii«L-cffl^* x>^r**. £ 

t:tl^Aoy>I^XCKeAr XeW##X*N 
40 [ 0 0 3 9 ] 

fil x 1 0 ; Vcm ; W± 1 x l O'Vcm' *$<0 7' 

t^7X7t7f>^15i^t7 J 7X'7Xyf>^ 

^if C u £JR^P t &&&z^\z*<n& 

ft&^^'^^^^^X y tF> j/tt&S£*t**t ft® 

50 



( 6 ) 



#$¥ 7 - 3 0 7 3 2 6 



: 


9 

[ 0 0 4 0 ] &X-y ^> ygiSCOg^5D»i^WAny> 






10 

fcttM, (b) I1M7X^/^- 










(c) 


























i 










2 


H f£ X T" — > 








3 










4 










5 






[ 0 0 4 1 ] ±Ea*«CJ:0- {£Jgi/i0^8^E&£*r 


10 


6 


^ >' f 


7- 






7 


'S'J □ >i£7 >t-7- 








8 










9 










i 0 


7 U / < K 3 -f ;u 7 y -fc > 7 » J 








1 1 










1 2 




■*• 






1 3 










1 4 










1 5 






> ^ ^ 21 <D & SS Er S ffl -C *> Z> . 


20 


1 6 






[S3] ?^^$lffll^HiW2©7'7X7X«;f > 




2 0 






y?7ri Sr^-t^T^ 0 , (a) liJf fSJSfiSkJRiCS*® 




2 1 






|A*'J7/^iH, Cu^£JK®. I^t^^IjjJ:^ 




2 2 


C u 




'/vXh7Xy*^^L/:jjcI, (b) ^ag&i^X^ 




2 3 


IH7X^@ 








2 4 










2 5 










2 6 










2 7 


P t £.1! 




l v Pt £AJ|. SiSTX^iftWl^vX h7X^ 

[E 


3 1 ] 









11- 




1 jgX'V^T'Sfe 
HO 



( 7 ) 



WmW- 7-307326 



[12] 



[BU] 




(a) 



(a) 



V//////////4 



-23 

-27 Ptsas 
-26 SigesMms 
-25 



16 -?^i-9- sy~s7-, 



23 



tb) 



1 «i7f>m 

3 SttXT— >*ttftM 



[S3] 



3 — 24uiW*.7 

23 35S7^.-73 

22 cu£®i 
20 



(O 



■27 
-26 
-25 



, =r-23 



-26 

-25 



(b)- 



23 



1/ 



722" 

-21 

-20 



(O 




z 



-23 
• 22 



-21 
-20 



